The last case of paralytic poliomyelitis caused by wild poliovirus in Brazil occurred in 1989. The interruption of the indigenous poliovirus transmission was obtained through mass immunization campaigns to eligible children and an active epidemiological and laboratorial surveillance of all cases of acute flaccid paralysis (AFP) among children under 15 y of age. This paper describes and evaluates the performance of the AFP surveillance system in different geographic areas of Brazil between 2005 and 2014, using indicators recommended by WHO. AFP surveillance indicators as well as virological investigation of polio and nonpolio enteroviruses in stool samples received in the laboratory were assessed from 2005-2014. During the period, 5463 cases of AFP were investigated. Of these, 55% were males and 45% were females. Those under 5 y of age represented 48% of all cases reported and investigated. AFP notification rate was within the acceptable values with mean value of 1.3 (North), 1.4 (Northeast), 1.1 (Southern), 1.0 (Southeast) and 1.4 (Midwest) cases of AFP per 100.000 population aged 15 y as well as the adequacy of fecal specimens received in the laboratory. Sabin-related polioviruses accounted for 1.7% of the isolates while, 6.7% were non-polio enterovirus with the values ranging from 5.0% to 8.9 %. No wild-type polio was found. The AFP epidemiological and laboratorial surveillance activities have been kept at appropriate levels in Brazil. These data are a very strong indication, which supports the status of country free of polio.
Introduction
In 1985, the Pan American Health Organization (PAHO) initiated a regional poliomyelitis eradication program. 1 The tremendous success of this program lead the World Health Organization (WHO) to launch, in 1988, the Global Polio Eradication Initiative (GPEI), whose main goal was the eradication of polio by the year 2000. 1 Although polio has not yet been eradicated, the number of wild poliovirus cases reported in 2015 (66 cases -data as December 2015) in the 2 remaining endemic countries (Afghanistan and Pakistan) is very small when compared with »1000 cases/day in 1980s. 2 The infection by a given wild poliovirus ranges in severity from a non-specific illness to severe acute flaccid paralysis (AFP), a complex clinical syndrome characterized by rapid onset of weakness, including less frequently weakness of the respiratory and swallowing muscles and with a broad array a potential etiologies which can cause permanent disability or even death. 3 Although polioviruses may primarily strike in any age, paralytic poliomyelitis affects mainly children under 5 y of age in a paralysis rate of one in 200-1000 infections. Few people among those paralyzed die due to involvement of breathing muscles. Since the vast majority of cases occur in asymptomatic way, the virus can spread widely to other regions before cases of paralysis can be observed. 4, 5 The consistent utilization of Oral Poliovirus Vaccine (OPV) in Brazil through Mass campaigns of immunization began in 1980 6 and the last case of paralytic poliomyelitis caused by endemic transmission of wild poliovirus occurred in March 1989 in the Northeast region of the country. After the last wild poliovirus isolation in 1991, in Peru, the entire American Region was certified as polio-free, in 1994. 7 However, since wild polioviruses are still in circulation in the world, both AFP and environmental surveillance are necessary to be maintained combined with high coverage of polio vaccine.
Since 2012, Brazil applies a sequential IPV-OPV schedule with 2 doses of IPV (inactivated polio vaccine) at 2 and 4 months of age followed by 2 doses of oral polio vaccine (OPV) at 6 and 15 months of age. Additionally, one annual National Immunization Day (NID) offers OPV to all children under 5 y old regardless their polio vaccination status. 8 In general, the coverage with OPV and IPV has been high throughout the country, although in some areas it is < 95% among children under 1 y. 8 Recently, a wild PV1 and type 2 VDPV polioviruses were isolated from environmental samples in the State of São Paulo, Brazil. The wild PV1 was closely related (99.6% identity) to the wild PV1 currently circulating in Equatorial Guinea while the VDPV shows to be highly evolved (8,6% VP1 nucleotide differences from its parental Sabin vaccine).
9 Also, a rare type of poliovirus recombination in a type3/type 2 Sabin-related poliovirus isolated from a AFP case in Brazil has been reported. 10 These episodes reflect the need for maintenance of high immunization coverage rates, combined with virologic surveillance of all cases of acute flaccid paralysis.
Due to the risk of importation from regions where the disease has not been eliminated, besides the requirements to retain their polio-free status, the WHO recommends that the countries improve the AFP surveillance. Performance indicators should be used to evaluate the quality of AFP surveillance, such as 1) at least one case of non-polio AFP detected annually per 100 000 children under 15 y of age, 2) adequacy and condition of stools upon arrival at the laboratory, 3) non-polio enteroviruses isolation rate, and 4) timeliness of specimen processing at the laboratory. 11 Furthermore, assessing poliovirus surveillance efficacy in all countries (developed and developing ones) is essential to support the global disease eradication efforts.
Thus, this paper discusses the epidemiological and geographic distribution of AFP cases in Brazil between the years of 2005 and 2014, evaluating the performance of the surveillance system for poliovirus, identifying steps that require strengthening and showing that poliovirus surveillance system goes beyond the polio eradication.
Results

Patients gender and age
A total of 5463 cases of AFP were studied from 2005 to 2014 in all geographic regions of the country. The relative contribution by region was North, 11.9%, Northeast, 36.1%, Southern, 12.2%, Southeast, 30.9% and Midwest, 8.9% (Table 1) . Among the specimens analyzed, 55% were from males with minimum and maximum values between 46.3% and 59.5%, respectively, and 48% were from children under 5 y old (Table 1) .
AFP surveillance sensitivity
In order to evaluate the sensitivity of the AFP surveillance system, we have been following up the evolution of this indicator over the past 10 y. As shown in Fig. 1 , all the regions reached acceptable values (0.9-1.8), with the mean value of 1.3 (North), 1.4 (Northeast), 1.1 (Southern), 1.0 (Southeast) and 1.4 (Midwest). The mean value for the country was 1.2 between 2005 and 2014. However, the southeast region showed a decreasing in the AFP case rate during the last 3 y of study. Figure 2 shows the proportion of AFP cases with adequate stool specimens. This indicator was defined as the arrival of the fecal samples in the lab in an adequate container, cold and with no evidence of leakage, although in sufficient quantity (at least 8 g). The minimum target should be 80%. During the evaluated period (2005-2014) the proportion of the stool adequacy by region was 95.4% (87.8-100), 92.5% (84.5-99), 93.9% (88.1-100), 97.1% (94.4-100) and 93.2% (84.9-100) for North, Northeast, Southern, Southeast and Midwest, respectively, while in the Brazil the mean value was 94%. However, some these samples came without documentation or with incomplete information.
Adequacy and quality of clinical samples received
Virus isolation and timeliness
During the last 10 years, 94 (1.7%) polioviruses were isolated from the 5463 AFP cases. Based on ITD tests and genome sequencing of the VP1 gene, all polioviruses were classified as Sabin-like based on the number of mutations encountered (PV1 Sabin and PV3 Sabin 9 nt differences from the reference PV1 and PV3 sequences; PV2 Sabin 5 nt differences from the reference Sabin 2 VP1 sequence).
Thus, the 94 poliovirus identified during 2005-2014 were classified as: Sabin like 1 (SL1), 20 isolates (19%); Sabin like 2 (SL2), 15 isolates (14%); Sabin like 3 (SL3), 33 isolates (31%); (SL1) C (SL2), 8 isolates (8%); (SL1) C (SL3), 5 isolates (5%); (SL2) C (SL3), 5 isolates (5%); (SL1) C (SL2) C (SL3), 8 isolates (8%) (Fig. 3) .
Regarding the timeliness of specimen processing at the laboratory, >80% of the samples received had results released within the deadline recommended by WHO. The numbers between brackets indicate the percentage.
Non-polio isolation rate
Other important parameter to evaluate the polio surveillance sensitivity is the non-polio enterovirus (NPEV) isolation rate. The WHO suggests that, at least, 10% of all fecal specimens received in to the reference laboratory should be positive regarding non-polio enterovirus isolation. This indicator points out the laboratory ability to perform enterovirus isolation in a routinely way. Figure 4 shows non-polio enterovirus isolation rate from 2005 to 2014 where 350 non-polio enteroviruses were isolated from the 5463 stool specimens investigated. We can observe that, during the last 10 years, the NPEV isolation rate from During this study, we assessed the age distribution of AFP cases that represent an important point to evaluate the adverse effect of the vaccine. During the analysis, we found that 48% of AFP cases occurred in children under 5 y old. Similar results were obtained in other regions such as Marches and Lombardy in Italy, which reported 37% and 57%, 12, 13 respectively and 2 other studies that reported higher values in children <5 years: 74. 4% in Ghana and 67.2% in South Africa. 14, 15 Regarding the incidence of AFP by gender, we observed similar distribution with 55% and 45% for male and female, respectively. Our results are very similar to studies performed in other areas such as Ghana, 55.8%, South Africa 54.3% for male. 14, 15 The temperature in which the fecal samples were received at the laboratory was another important indicator analyzed. In recent study, Walker and coworkers demonstrated the effect of transport temperature on the viability of poliovirus in stool specimens suggesting that this point is important to be analyzed in tropical regions. 16 In this study, more than 80% of clinical samples arrived at the laboratory in good condition, independently of geographic distribution. One important criterion in the surveillance system is the investigation of all AFP cases in children <15 y of age. In polio-free regions, the incidence of AFP should be at least 1 case per 100.000 children <15 y of age. 11 This indicator remained above the reference value from 2005 until 2012 except for the Southeast region, where it was below the minimum target during 2010 and 2012-2014, although the overall AFP reporting rate in the country was >1/100.000 inhabitants during this period. It is difficult to identify if these results represent normal fluctuations or signs of declining of the surveillance performance.
In fact, the number of AFP notification seems to decline in 2013 and 2014, mainly in the Southeast and Midwest regions, reflecting the decrease in the AFP notification rate in the country. On the other hand, the decline in the AFP case reported might be due to better medical conditions and greater accuracy in medical examinations, which excluded the possibility of poliovirus infection. Additionally, some doctors may judge that the motor deficit was due to other factors not requiring notification. This is a significant problem for the AFP case report system, which calls for a better awareness of the importance of this notification. Furthermore, in the early stages, polio may be difficult to differentiate from other forms of acute flaccid paralysis, which are independent of polio, such as Guillain-Barr e Syndrome. However, any child under 15 y of age with AFP or any person of any age with paralytic illness must be investigated.
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The non-polio enterovirus isolation rate is an important parameter used to evaluate the integrity and viability of stool specimen sent to the laboratory. The WHO suggests that, at least, 10% of stool specimens dispatched to the laboratory should yield NPEV. The results obtained in our work shows that the national annual average enteroviruses isolation is 6.7%, with variations from 5.0% to 8.9%. This result is close to the findings reported in another study conducted in Pakistan, Nigeria, Malaysia and Tunisia, where NPEV were isolated from 8.5%, 7.6%, 6.5% and 5.3% of AFP cases, respectively. 17, 18, 19, 20 However, the frequency of NPEV isolation in our study was much lower than reported in other countries such as Egypt (17.6%) and Ghana (20%). 21, 14 The rates under 10% can reflect a low circulation of NPEV in the country. Moreover, other factors could explain a decrease in the NPEV isolation rate: The loss of sensitivity of the isolation methods or inadequate conditions of sample collection and storage before the transportation. WHO reference laboratories frequently carry out the cell sensibility assay on cells lines (RD and L-20) used in the laboratory routine. In addition to use cell lines (RD and L20) suggested by WHO, we also utilize HEp-2c cell line, which is susceptible to NPEV isolation. Although the conditions of the stool samples upon arrival at the laboratory are satisfactory, we have no control over all steps involved from the collection until shipment of the samples to the laboratory. This may have had some impact on the NPEV isolation rate seen in the last 10 y. However, previous studies suggested that there are populations from which the NPEV isolation rate may be expected to be less than 10% due to climatic factors. 22 Overall, the present study shows the improvement in AFP surveillance in Brazil, revealing that surveillance activity is satisfactory in all geographic regions. However, the surveillance program needs to address problems regarding the improvement of specific clinical data and sample documentation. Furthermore, clinicians, surveillance officers and laboratory staff should be trained and motivated to conduct active search for AFP cases.
Material and methods
Experimental ethics
The Enterovirus laboratory at FIOCRUZ is an official Brazilian Ministry of Health Reference Laboratory. The virus isolates utilized in the present study are part of the virus collection of the laboratory. Patients are attended by the local public health system ambulatories where the clinical samples (feces) are collected. This activity was considered as a public health response to the poliomyelitis surveillance and thus did not require review by the review board.
Study background
Brazil is the largest country in South America and the fifth largest in the world, with an area of 8.515.767 km 2 divided into 5 different regions (North, Northeast, Midwest, Southeast and South) with an estimated population of around 204 million people (according to 2015 estimates). The number of children under 15 y of age is estimated to be around 47 million. A retrospective study was developed using AFP surveillance data collected by the national surveillance system for notifiable diseases and the WHO Regional Reference laboratory database from 2005 to 2014. All cases reported to the surveillance system and all laboratorial data obtained from the analysis of 5463 AFP cases during this period were included in the study. These cases were obtained from all 5 different geographic regions of the country.
Every clinical case characterized as acute onset of focal weakness or paralysis in children under 15 y old has to be reported to the health authorities and clinical specimens referred to the National Reference Polio laboratory for diagnostic confirmation. The clinical samples to be investigated consist of fecal specimens (one specimen per case) collected within 14 d from the onset of motor deficit. After the report, follow up is required to verify whether there is residual paralysis at 60 d after the onset. Four parameters of minimum performance standards were used in this work to evaluate the quality of AFP surveillance: proportion of AFP cases with adequate stool specimens, AFP case rate and, non-polio enterovirus isolation rate and timeliness of laboratory results.
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Virus isolation and identification
After received the samples at the laboratory, 200 microliters of each clarified stool sample were used to inoculate RD and L20B cell lines. Cells were incubated at 37 C and examined daily for cytopathic effect (CPE). Culture supernatants showing CPE were collected and frozen at ¡20 C. All laboratorial procedures were performed according to the standard protocols recommended by WHO. 23 Intratypic differentiation tests were carried out by conventional Reverse transcriptase polymerase chain reaction (RT-PCR) or qPCR followed by VP1 sequence of all poliovirus isolated. The rRT-PCR screening kits were made available by the Center for Disease Control and Prevention. 24 For sequencing of the major viral capsid surface protein (VP1), viral RNA was extracted from 140 ml of the culture supernatants, that showed CPE, using QIAmp (Qiagen) and used as a template for cDNA construction with random primers (Promega, Madison) and SuperScript III Reverse Transcriptase (Invitrogen) according to the manufacturer's instructions. For single poliovirus serotypes isolates PCR was performed using a primer pair (Q8 and Y7) that amplifies a fragment of approximately 1100 bp within the VP1 gene. 25 For poliovirus-containing mixtures PCR was performed using 3 sets of Sabin specific primers targeting the 3 0 -end of the VP3 gene in combination with a previously described reverse primer that targets the 5 0 -portion of the 2A gene, named Q8. 26, 27 After 32 cycles (94 C for 30 s, 42 C for 30 s, and 60 C for 40 s) in a model 9700 thermocycler (Applied Biosystems), PCR products were analyzed by electrophoresis in 1% agarose gels containing 0.5 mg/mL ethidium bromide and compared to a 100 bp DNA Ladder (Invitrogen) by visualization with a UV transilluminator. Specific products were gel purified with the QIAquick Gel Extraction Kit (QIAGEN) and quantified by comparison with the Low DNA Mass Ladder (Invitrogen) in a 1% agarose gel. Sequencing reactions were performed by using the ABI PRISM BigDye Terminator v3.1 Cycle Sequencing Ready Reaction Kit (Applied Biosystems) in a GeneAmp PCR System 9700 thermocycler (Applied Biosystems) with 25 cycles of 96 C for 15s, 42 C for 30s, and 60 C for 3min. Products were purified by isopropyl alcohol precipitation, and samples were analyzed by using the ABI PRISM 310 Genetic Analyzer (Applied Biosystems). VP1 sequences of the poliovirus isolates were compared to the prototype strains according GenBank number: GQ984141.1 (Polio 1), and AY184220.1 (Polio 2) AY184221.1 (Polio 3). Disclosure of potential conflicts of interest
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